The Island of Majorca (Spain) is characterized by a Mediterranean climate and a karstic geology that favors the formation of numerous springs and spring-fed streams on the island's Northwester zone. Water and epilithic diatom samples were collected from two springs and four spring-fed streams, located at altitudes ranging from 0 to 756 m a.s.l., in different seasons between 2005 and 2008. Water chemistry in these systems is characterized by high concentrations of dissolved calcium and pH values ranging from 6.6 to 8.4. A total of 111 diatom taxa belonging to 40 genera were found and the most abundant taxa were illustrated with LM and SEM. The diatom communities of the studied sites were dominated by species such as Achnanthidium minutissimum, A. pyrenaicum, Amphora pediculus, Cymbella vulgata, Diploneis separanda, Encyonopsis minuta, Gomphonema lateripunctatum and Navicula cryptotenella, reflecting the calcareous geological nature of Majorca Island. In the framework of the study 22 diatom taxa, which are new for Balearic Islands were recorded, such as Achnanthidium straubianum, Amphora indistincta, Cymbella lange-bertalotii, Encyonopsis subminuta, Karayevia kolbei, Navicula aff. margalithii, N. reichardtiana and N. subalpina. In addition, a new freshwater diatom species belonging to the genus Cymbopleura, C. margalefii was found in the Torrente of Deià. Cymbopleura margalefii is described as a new species based on LM and SEM observations, and compared with similar taxa. A checklist of the 309 diatom taxa recorded so far from the Balearic Islands is also presented.
IntroductIon
Mediterranean streams are subjected to high temporal variation influenced by climatic factors (saBater et al. 1991) with high rainfall levels occurring in autumn and spring (ParDo & Álvarez 2006) . Under the Mediterranean climate, groundwater hydrology is as important as surface hydrology for the persistence and functioning of aquatic ecosystems because a high number of streams are fed by springs. Diatom assemblages are adapted to the local environmental conditions in relation to changes in water residence time and to the variations in the ionic content in water due to variations in flow volume (aBoal et al. 1996) . Diatom communities inhabiting springs have been studied in several mountainous regions in Europe, including the Pyrenees (saBater & roca 1990 (saBater & roca , 1992 , the mountains of central Germany (Werum & laNgeBertalot 2004) and the Alps (caNtoNati et al. 2006 (caNtoNati et al. , 2012 caNtoNati & laNge-Bertalot 2010; gesiericH & Kofler 2010) .
Majorca is the largest of the Balearic Islands that are located in the western part of the Mediterranean Sea. The island is geologically very homogeneous, constituted by calcareous rocks where rainfall water causes karstic erosion and favours water infiltration. Topographically, it is a heterogeneous island with mountainous regions in the Northwest and lowlands in the South. The Tramuntana mountain range extends parallel to the northwest coast and presents geological structures that favour the formation of numerous springs and spring-fed streams. Around 700 springs, all with different sizes and discharge categories, can originate from the limestone rocks (lloBera & ferriol 1994) where water mineralization is an important feature (moyÁ et al. 1991) . These systems are geographically isolated and their chemical characteristics and temperature make them an exceptional type of habitat for the study of algae, especially diatoms, organisms that can be considered useful indicators of spring characteristics (saBater & roca 1990) . The spring is mainly viewed as the origin of a stream and this leads to an investigation of the physical and chemical characteristics and of the composition and structure of the communities (caNtoNati et al. 2006) . Many temporary streams in the Balearic Islands have their origin in springs, and constitute refugia for the flora and fauna that colonise the streams when water flow initiates each rainy season (ParDo & Álvarez 2006) . The spring systems in Majorca Island have previously been studied by moyÁ et al. lloBera & ferriol (1994) , but none of these studies have provided information on the diatom flora composition.
Some phycological studies performed in the Balearic Islands reported only some diatom species from Majorca, Minorca and Ibiza (see references in Appendix 1). There are also taxonomic checklists available, including diatom data exclusively from the Balearic Islands (alvarez coBelas & estévez garcía 1982; camBra et al. 1991; aBoal et al. 2003) . Nevertheless, none of them illustrates the diatom species that appear in the Balearic Islands or provide information about their ecological preferences.
The objectives of this study were: i) to increase the knowledge on the epilithic diatom communities inhabiting springs and spring-fed streams in Majorca Island; ii) to illustrate their most characteristic diatom taxa under light and electron microscopy and iii) to elaborate a checklist with all the diatom taxa identified up to date in the Balearic Islands.
MaterIal and Methods
Study sites. The material included in this study was collected in two springs (Font de s'Olla and Font des Pí) and in four spring-fed streams (Tte. des Prat, Tte. de Son Vic, Tte. de Deià and Son Sant Joan). All sites are located in the Northern part of Majorca Island and have water during most part of the year. Five of them (Font de s'Olla, Font des Pí, Tte. des Prat, Tte. de Son Vic and Tte. de Deià) are located in the Tramuntana mountains at elevations ranging between 55 and 732 m a.s.l. (Fig. 1 ; Table 1 ). The Son Sant Joan spring is located at sea level, beside the S'Albufera of Majorca, which is the largest and most important wetland area in the Balearic Islands. It is a former lagoon separated from the sea by a belt of dunes, which for many centuries -but especially in the last two and as a result of human influence -has been filled up with sediments converting it into an extensive flood plain.
Water and epilithic diatom samples were collected in spring-fed streams during spring, autumn and winter between 2005 and 2008. A total of 31 samples were analysed in this study. Spring samples were taken at the same time in the spring-fed streams but only when water was present in these systems (Table 1) Epilithic diatoms were collected from hard natural substrata (stones), following the European Standard (ceN 2003), with a toothbrush and preserved with a formaldehyde solution (4% v/v) immediately after sampling. Ash free dry mass (AFDM) and chlorophyll a (Chl-a) were measured from epilithic samples from the upper side of three stones using a toothbrush and rinsed with distilled water. The surface areas of the stones were measured by wrapping them tightly in tin foil (for more information see DelgaDo et al. 2012) . The samples were stored in ice, kept in darkness and transported to the laboratory. Three samples were used to estimate epilithon biomass as AFDM and the additional three samples were used for the analysis of Chl-a. Samples for chlorophyll-a (Chl-a) analysis were filtered through glass fiber filters and extracted with acetone for 48 h at 4 ºC in the dark. After extraction, Chl-a was measured spectrophotometrically (Hitachi Model U-2001 UV/Visible Spectrophotometer) and corrected (loreNzeN 1967) . Three periphyton samples were filtrated and dried until constant weight (DM) at 70 ºC and ashed at 500 ºC for 2 hours to determine the ash free dry mass (AFDM).
Diatom analysis. Diatom samples were treated to obtain a suspension of clean frustules. Organic matter was eliminated using hydrogen peroxide (33%) and HCl (37%) was added to remove the calcium carbonate (reNBerg 1990) . Finally, after rinsing with distilled water, permanent slides were mounted using Naphrax®, a synthetic mounting medium with high refractive index. Diatoms were identified to species or subspecific levels using a Leica® DMRX light microscope (LM) with a 100× oil immersion objective and light microscopy photographs were taken with a Leica® DC500 camera. At least 400 valves were identified and counted from each slide to estimate the relative abundance of each taxon. Diatom samples for scanning electron microscopy analysis were filtered through polycarbonate membrane filters with a pore diameter of 3 μm, mounted on stubs, sputtered with gold (40 nm) with Modular High Vacuum Coating System (BAL-TEC MED 020) and studied with a Leica® Stereoscan 430i electron microscope, operated at 20 kV. Micrographs were digitally manipulated and plates containing LM and SEM pictures were mounted using CorelDRAW X5.
Diatoms were identified to the lowest taxonomical level according to usual current taxonomic literature, e.g. Krammer & laNge-Bertalot (1986 , simoNseN (1987), laNge-Bertalot & Krammer (1989 ), laNgeBertalot (1993 , 1999 , 2001 ), laNge-Bertalot & moser (1994 , Krammer (1997a Krammer ( , b, 2002 
results and dIscussIon

Physical and chemical characterization of studied sites
Benthic communities found in the Majorcan streams are influenced by different factors, such as orography, pronounced seasonal irregularity in rainfall levels and predominance of the karstic geology (ParDo & Álvarez 2006) . Calcium concentrations are high in the studied streams because of the dissolution of the calcareous substratum, ranging from 22.9 to 151.4 mg.l -1 (Table  2 ). In consequence water pH was neutral to alkaline (from 6.6 to 8.4). Water temperature ranged annually between 12.5 and 19.1 ºC, indicating high temperature stability in five of these systems, except for Tte. des Prat. This site showed the largest annual fluctuation (9.4 to 25.2 ºC), attributed to its mountainous location at 732 m a.s.l. The studied sites with higher values of SiO 2 were Tte. de Son Vic and Son San Joan, with mean values around 5 mg.l -1 (Table 2) -and SO 4 2-attributed to its location near to the sea and beside the S'Albufera that has a high human influence in the last two decades, with large increase of agricultural activities in the area.
Diatom assemblages
A total of 111 diatom taxa belonging to 40 genera were identified in this study, but only 19 species represented more than 5% in at least one sample ( (Table 3) . However, the most frequent taxon found in this study was A. minutissimum sensu lato, which is a common cosmopolitan component of the benthic diatom communities and is also abundant in the streams of Majorca (DelgaDo et al. 2012) Krammer (2002) where the valves have slightly radiate and finely punctuate striae (Fig.  73) . In Tte. de Son Vic, dissolved oxygen concentration reached a minimum value of 1.9 mg.l -1 in autumn, attributed to slow water flow and high leaf litter accumulation (Table 2) . Achnanthidium straubianum (laNge-Bertalot) laNge-Bertalot (Figs 80-91 grouped under the Cymbella microcephala gruNoW complex, and separated by Krammer (1997b) , were identified in this locality indicating similarity in the ecological tolerance of these species. Encyonopsis minuta Krammer et e. reicHarDt (Figs 160; [163] [164] is the most abundant taxon and appeared together with E. cesatii (raBeNHorst) Krammer (Figs 155-158 ), E. krammeri, E. subminuta and Encyonopsis sp. 1 (Figs 147-149) . Gomphonema lateripunctatum is a highly alkaliphilous species of mountain and lowland watercourses and is Vic. Achnanthidium straubianum also appear in Tte. des Prat and is one of the new citations for the Balearic Islands (Appendix 1). Tte. des Prat is characterized by the presence of Achnanthidium pyrenaicum (HusteDt) H. KoBayasi, Cymbella vulgata Krammer (Figs 101-102; 151-154) , Diploneis separanda, Gomphonema lateripunctatum (Figs 130-135; 150 ) and different species of Encyonopsis (Figs 103-129) . Cymbella vulgata was recently found also in freshwaters in Lluc, Majorca (Krammer 2002) . Different species of the genus Encyonopsis, formerly commonly found in calcareous Mediterranean rivers (gomà et al. 2004; farrés et al. 2007) . Cymbella lange-bertalotii Krammer (Figs 99-100 ; 166-169) was identified in two seasons, and our photographs fit with the specimens from Austria, Germany, Hungary and Russia presented by Krammer (2002) . Although this species is very similar to Cymbella helvetica KütziNg and C. subhelvetica Krammer, its frustules are smaller than in C. helvetica and wider than in C. subhelvetica.
Tte. de Deià had high percentages of Achnanthidium minutissimum, A. pyrenaicum and Encyonopsis minuta, and had similar values of electric conductivity, calcium, potassium, chlorine and sodium to Tte. des Prat ( Table 2 ). The most remarkable fact is the presence of an undescribed species of the genus Cymbopleura that also appeared in Tte. des Prat.
Springs
The two springs studied, Font des Pí and Font de s'Olla, were sampled in four dates (Table 1 ). The benthic diatom community at Font des Pí was dominated by Denticula tenuis KütziNg, Encyonopsis krammeri, Achnanthidium pyrenaicum (Figs 170-179; 189-190) , A. minutissimum, Diadesmis contenta (gruNoW ex vaN HeurcK) D.g. maNN and Navicula reichardtiana laNge-Bertalot (Figs 184-188) . The presence of a new species for the Balearic Islands such as Navicula subalpina e. reicHarDt (Fig. 19) is also remarkable.
Font de s'Olla was dominated by A. minutissimum, Diadesmis contenta and Planothidium frequentissimum in November, while in March the community was dominated by A. minutissimum. Diadesmis contenta, a typical aerophilous taxon, was present in both springs indicating seasonal dryness in these systems (caNtoNati et al. 2006; gesiericH & Kofler 2010) .
Taxonomic section
Four species that did not fit well with the species already described in the literature were found: Cymbopleura sp., Encyonopsis sp. 1, Encyonopsis sp. 2 and Fragilaria sp., but description of new taxa, based only on one or a very few cells, has been criticized. We are also considering this approach to be unproductive and possibly erroneous by omitting the whole range of morphological variation from the population in question. For this reason we propose only one new species of the genus Cymbopleura in this study and we used the material of the Tte. de Deià, where this species was more abundant. Description: Valves distinctly dorsiventral, broad, asymmetrically elliptical-lanceolate, with arcuate dorsal margin and slightly convex ventral margin, ends obtusely rounded. Length 19-37 µm, width 6.5-9.0 µm, length/width ratio varying between 2.7 and 4.4; striae in the middle portion (dorsal) 11-12/10 µm, up to 13 towards the ends and puncta 40-45 in 10 µm (Table 4) . Axial area narrow, curved, slightly ventrally displaced. Raphe distinctly lateral, narrowing towards the distal ends, appearing reverse-lateral near the proximal ends and terminal fissures dorsally deflected. Etymology: The new species is dedicated to Prof. Dr. Ramón Margalef (Barcelona, 1919 (Barcelona, -2004 , in recognition of his extraordinary contributions to the limnological studies in the Balearic Islands. Holotype (hoc designatus): National Botanic Garden, Meise, Belgium (BR-4198). Isotype: British Museum of Natural History, London (BM-101403).
This new species was already described in DelgaDo (2011). Since this dissertation does not include an ISBN, the name of any printer, publisher or distributor, or any statement that it was intended to be effectively published under the requisites of the ICN (see art. 30.8) the description provided in this paper thus validates this taxon.
Differential diagnosis:
The new species is distinguished from the other taxa of the Cymbopleura austriaca (gruNoW) Krammer group by outline, length and width (Table 4) . Krammer (2003) defined this group as presenting smaller valves with rhomboid-lanceolate outline and strongly reverse-lateral raphe. The valves of Cymbopleura margalefii may be confused, in the first instance, with C. laeviformis Krammer or C. pyrenaica le coHu et laNge-Bertalot; nevertheless these species have a different outline and size (see Krammer 2003; le coHu et al. 2011) . Cymbopleura margalefii is smaller and narrower than C. korana Krammer, C. rhomboidea var. angusta Krammer and C. laeviformis, with also denser puncta than the latter species (Table  4) . Even though C. margalefii has a similar range of size as C. pyrenaica, the new species presents denser striae, coarser areolae and different shape of the areolae in both external and internal views (Table 4) . Distribution: Thus far, only reported from alkaline and eutrophic springs in Majorca Island (Spain).
New records: According to biogeographical theories, lower taxa richness is expected in isolated ecosystems such as islands. This is the case of the Hawaiian Islands, where the freshwater diatom flora is species poor and contains only 1.3% of endemic taxa (fuNglaDDa et al. 1983 ). However, islands frequently exhibit unusual diatom communities (e.g. moser et al. 1998; . From a biogeographical point of view, the described diatom communities show low floristic singularities with respect to those described in the Iberian Peninsula and comparable European regions. After the revision of the bibliography and with the data collected during the present study, we can state that 309 diatom taxa have been reported to date from the Balearic Islands, this paper adding 22 new records for the region (Appendix 1). The relatively large amount of floristic novelties could be explained by the lack of published works on diatoms from these islands. Several common taxa for the European flora have not been previously cited in Balearic Islands due to the scarcity of studies or because some of the taxa only have been recently described or separated from older species complexes such as Cymbella lange-bertalotii and C. vulgata (Krammer 2002) , Diploneis separanda (Werum & laNge-Bertalot 2004) , Encyonopsis krammeri, E. minuta, E. subminuta (Krammer 1997b) and Navicula antonii laNge-Bertalot et rumricH (laNge-Bertalot 1993).
To our knowledge, the present study constitutes the first record of Navicula wygaschii and Diploneis krammeri laNge-Bertalot et e. reicHarDt for the Iberian Peninsula (Spain and Portugal). The photographs of D. separanda for Majorca Island are the first in Spain; it was first recorded in a spring of the river Schutter (Franconia/Bavaria) and found in many other oligosaprobic waters of Germany by Werum & laNge-Bertalot (2004) (Figs 142, (145) (146) (147) (150) (151) 158, (161) (162) (163) (164) (165) (166) (148) (149) 152, (154) (155) (156) (157) 167, 169) , 1 µm (Figs 153, (159) (160) 168). al. 2010; Kermarrec et al. 2011 ). According to fogeD (1984), spring environments have no specific diatom floras; though taxa richness can be one of the largest within European freshwaters. The study by Werum & laNge-Bertalot (2004) in German springs reaches analogue conclusions. However, detected several diatom taxa with disjunct geographical distribution patterns in certain North American springs. Likewise, diatoms in Sardinian springs have a remarkable degree of endemicity (laNge-Bertalot et al. 2003) .
This study contributed to improve the knowledge of the diatom flora in Majorca and the Balearic Islands, also providing a recent taxonomical overview on the modern benthic diatom flora of Majorca. It also adds information related to the physical and chemical factors and diatom communities, to previous works done in the island, being the first study on epilithic diatoms from springs in the Balearic Islands. Table 4 . Morphological characterization of Cymbopleura margalefii and closely related Cymbopleura taxa.
